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บทคดัยอ่ 
วตัถปุระสงค:์ เพือ่ประเมนิฤทธิต์า้นเชื้อราในหลอดทดลอง (in vitro) ของสารสกดั
จากยอดและดอกทัง้แบบสดและแหง้ของผกับุ้งไทยพนัธุ์กา้นแดงในการยบัยัง้เชื้อ
ราโรคกลาก 3 สายพนัธุ ์(Tricophyton rubrum, Epidermophyton floccosum และ 
Microsporum gypseum) และโรคเกลือ้น (Malassezia) 2 สายพนัธุ ์(M. furfur และ 
M. globosa) วิธีการศึกษา: ใช้วิธี disc diffusion ประเมินฤทธิข์องสารสกัด
ดงักลา่วในการยบัยัง้เชื้อราโรคกลากและเกลือ้น และหาคา่ความเขม้ขน้ต ่าสุดของ
สารสกดัทีส่ามารถยบัยัง้เชื้อทัง้ 5 สายพนัธุ์ (MIC) ด้วยวธิ ีbroth micro-dilution 
ผลการศึกษา: สารสกดัจากยอดแหง้และดอกแหง้สามารถยบัยัง้เชื้อ T. rubrum,   
E. floccosum, M. gypseum และ M. globosa ได้ สารสกดัจากยอดสดสามารถ
ยบัยัง้เชื้อ E. floccosum และ M. globosa ได้ ส่วนสารสกดัจากดอกสดสามารถ
ยบัยัง้ได้เพียงเชื้อ  E. floccosum เท่านัน้ อย่างไรก็ตามสารสกัดทัง้ 4 ชนิดไม่
สามารถยบัยัง้เชื้อ M. furfur และเมื่อทดสอบดว้ยวธิ ีbroth micro-dilution พบว่า
สารสกดัจากยอดผกับุ้งไทยพนัธุ์กา้นแดงทัง้ 4 ชนิดยบัยัง้เชื้อ E. floccosum ไดด้ี
ทีสุ่ดทีค่วามเขม้ขน้ต ่าสุดเทา่กบั 25 มก./มล. สรปุ: สารสกดัจากยอดแหง้และดอก
แหง้สามารถยบัยัง้เชื้อราโรคกลากและเกลื้อนแบบ in vitro ไดซ้ึง่มผีลสอดคลอ้ง
กบัการใชพ้ชืนี้ตามภมูปัิญญาพืน้บา้นของไทยในการรกัษาโรคกลากและเกลือ้น  
ค าส าคญั: ฤทธิต์า้นเชื้อรา, ผกับุง้ไทยพนัธุก์า้นแดง, เชื้อรา, กลาก, เกลือ้น  
  
 
 
Abstract 
Objective: To evaluate the in vitro antifungal activity of the extracts of fresh 
and dry apical buds and flowers of red-stemmed Ipomoea aquatic Forsk. on 
the inhibition of three dermatophytes (Tricophyton rubrum, Epidermophyton 
floccosum and Microsporum gypseum) and two Malassezia  species (M. 
furfur and M. globosa). Method: The disc diffusion was performed to 
determine the antifungal activity of the extracts, and the minimal inhibitory 
concentration (MIC) was measured using a broth micro-dilution method. 
Results: The extracts of dry apical buds and flowers of red-stemmed type 
of Ipomoea aquatic Forsk. inhibited T. rubrum, E. floccosum, M. gypseum 
and M. globosa. Fresh apical bud extracts inhibited E. floccosum and M. 
globose, whereas those of fresh flowers were for only E. floccosum. However, 
none of four types of extracts exhibited antifungal activity against M. furfur. 
When tested with the broth micro-dilution technique, all four extract inhibited 
E. floccosum the most at the MIC of 25 mg/ml. Conclusion: The extracts of 
dry apical buds and flowers of red-stemmed Ipomoea aquatica Forsk. could 
inhibit dermatophytes and Malassezia sp. in vitro. The result was consistent 
with the use of Thai folklore remedy against skin infections of dermatophytes 
and Malassezia sp.  
Keywords: Antifungal activity, red-stemmed Ipomoea aquatic Forsk., fungus, 
dermatophytes, Malassezia sp.   
 
Introduction 
Skin fungal infections caused by dermatophytes, such as 
ringworm and tinea versicolor, have been found about 20 – 
25% of the populat ion worldwide. Skin dermatophyte 
infections are prevalent in tropical regions  of the world 
because of the predominantly high moisture and temperature. 
The diseases are mainly prevalent among people who are 
poor and living in large and dense communities that allow for 
contacting a skin fungal infection. Pathologically, ringworm 
and tinea versicolor are the infestation of dermatophytes in 
the keratinized tissues including the skin, nail and hair follicles; 
hence the alternative name “cutaneous mycoses.” Based on 
the World Health organization (WHO) epidemiologic study, the 
most common dermatophyte of ringworm is the genus of 
Trichophyton, followed by Epidermophyton and Microsporum, 
respectively. The most common fungi causing tinea versicolor 
is the genus of Malassezia, a tropical n o rma l  flora which 
becomes pathogenic with immunocompromised host, extreme 
humidity, or the host ’s malnutrition. Once pathogenic, 
Malassezia spp. morphologically changes. As the result, skin 
pigmentation change is seen as the lesion. The most 
common pathogenic species of Malassezia is M. globosa, 
followed by M. sympodialis and M. furfur.1,2  
In Thai traditional medicine, various local wisdom-based 
herbal remedies have been used to treat fungal skin 
infections. These included galanga rhizome with rice whisky, 
fresh holy basil leaves, garlic cloves, etc. These individual 
herbs have been found to have an acceptable antifungal 
activity.  However, with an abundant number of herbs in 
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Thailand, herbal antifungal remedies are worth further 
investigated. Among various herbs unexplored for this activity, 
Ipomoea aquatica Forsk. (water morning glory, water spinach, 
or river spinach) could reasonably be subject to an exploration 
of in vitro antifungal activity screening.  
Water morning glory (Ipomoea aquatica Forsk.), a 
semiaquatic annual climbing vine plant abundantly found 
across Thailand and tropical and subtropical regions 
worldwide, is in the family of Convolvulaceae. Two strains of 
Ipomoea aquatica Forsk. namely green/white-stemmed with 
white flowers and red-stemmed with pink/purple flowers are 
found in Thailand.3-6 Red-stemmed water morning glory has 
been known as a folk-lore remedy for fungal skin infections in 
Thailand. Six to ten flower buds of red-stemmed water 
morning glory are cleaned with water, and then crushed by 
mortar and pestle. The crushed herb is used to mask the 
infected area for 2 to 3 hours before washing off. To cure 
fungal skin infection effectively, masking the infected area with 
the ground herb 3 to 4 daily is recommended.7-9 In addition, a 
study by Ghani (1989) revealed that the apical buds of 
Ipomoea aquatica Forsk. has an antifungal activity against 
tinea versicolor.10 There has been a lack of studies on in vitro 
antifungal activity o f  Ipomoea aquatica Forsk. especially the 
red-stemmed strain. Most previous studies did not specify the 
strain(s) of Ipomoea aquatica Forsk. tested. With its 
abundance all across Thailand, in vitro study on antifungal 
activity of the red-stemmed water morning glory is needed. 
This study aimed to examine in vitro antifungal activity of red-
stemmed strain of Ipomoea aquatica Forsk. against 
dermatophytes and Malassezia. The information obtained 
could help verify the remedial benefit of Thai folk-lore 
medicine. Such traditional medicine usage could then be 
confidently encouraged.  
    
Methods 
 
Chemicals and devices  
Absolute ethanol was from Fisher BioReagent™, and 
Sabouraud dextrose medium with agar (SDA) and without 
agar (i.e., broth) (SDB) was from BD Difco™. A cork borer 
with a diameter of 5 mm was used.  
 
Strains of fungi and culture   
Three strains of dermatophytes causing ringworm 
including T. rubrum, M. gypseum, and E. floccosum and two 
species of Malassezia yeasts causing tinea versicolor namely 
M. furfur a n d  M. globosa were tested for in vitro antifungal 
activity. Candida albicans ATCC90028 was used as a control. 
All micro-organisms were supported by the Mycology 
Laboratory, Department of Microbiology, Faculty of Medicine, 
Chiangmai University, Chiangmai, Thailand. All fungi 
specimens were kept at 4 C. Before the experiment, these 
fungi strains were subcultured on SDA and incubated at 25 
C for 48 – 72 hours.  
 
Plant collection  
In this study, red-stemmed strain of Ipomoea aquatica 
Forsk. was collected from Sainoi district of Nonthaburi 
province, Thailand. The collected plant was identified. Based 
on plant taxonomy and morphology, red-stemmed strain of 
Ipomoea aquatica Forsk. had a reddish green or reddish 
purple stems with dark-green spear-shaped ob t u s e - ba s e d 
simple leaves. The leaves were 3 – 5 cm wide with leaves 
close to the apical buds were shorter (2 – 4 cm long) while 
those close to the root were longer (5 – 10 cm long). Flowers 
of red-stemmed Ipomoea aquatica Forsk. are inflorescent with 
white sepals and purple-white petals. 4,11 Apical buds and 
flowers of red-stemmed Ipomoea aquatica Forsk. were tested 
for in vitro antifungal activity.  
 
Plant extraction  
The extract of dry plants  
Apical buds and flowers of Ipomoea aquatica Forsk. were 
separately washed with water. Apical buds were then 
incubated at 50 C while flowers at 40 C till dry. Dry samples 
were ground by blender and macerated with 95% ethanol 
based on the methods modified from the work of Khatun et al. 
(2012)12 with a ratio of dry sample to solvent of 1:5 for 3 days 
at room temperature. ธThe extract was f i l tered and the 
solvent was evaporated by rotary evaporator at 40 C.12 
Crude extract of dry flower was viscous with greenish red 
color and a yield of crude extract of 10.35% w/w. For the dry 
apical bud, its crude extract was also viscous with a dark-
green color and a yield of 4.55% w/w. Crude extracts of both 
parts of the plant were kept in amber colored glass container 
at 40 C  before the antifungal assay.  
  
The extract of fresh plants  
Apical buds and flowers of Ipomoea aquatica Forsk. were 
separately washed with water. Samples were crushed using 
mortar and pestle and macerated with 95% ethanol based on 
the method used for dry plant samples.12 Crude extract of 
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fres flower was viscous with greenish brownish red color and 
a yield of crude extract of 1.20% w/w. For the fresh apical 
bud, its crude extract was also viscous with a dark-green 
color and a yield of 6.68% w/w. Crude extracts of both parts 
of the plant were kept in amber colored glass container at 40 
C before the antifungal assay.  
 
Disc diffusion assay for antifungal activity   
The test for antifungal activity of the plant samples was 
mod i f i e d  f r om  t h a t  o f  Huang, Xie and Gong (2000).13 
Petriplates containing SDA with a colony of T. rubrum,  M. 
gypseum, or E. floccosum of a size of about 2 cm were bored 
with a cork borer of a 0.5 cm distance from the colony edge. 
40 microliters of the extract with a concentration of 100 mg 
per mL was pipetted and transferred into the bored SDA 
medium. Each plate was kept at 25 C for 7 days. The 
inhibition zone of was observed and measured in millimeter of 
the zone diameter.13  
For M. furfur and M. globosa, suspension of  each of the 
two Malassezia species was prepared in the SDB broth and 
adjusted to a McFarland turbidity standard number of 0.5. The 
suspension of the fungus was gently placed on the surface of 
SDA plate with three planes using sterile cotton buds. The 
SDA medium was bored with a cork borer. 40 microliters of 
the extract with a concentration of 100 mg per mL was 
pipetted and transferred into the bored SDA medium. Each 
plate was incubated at 37 C for 48 – 72 hours. The inhibition 
zone of was observed and measured in millimeter of the zone 
diameter.13 
In all experiments, miconazole with a concentration of 10 
mcg per mL was used as a positive control. All tests were 
carried out in triplicate.  
  
Determination of minimal inhibitory concentration (MIC)  
Extracts with apparent inhibition zone from the disc assay 
were further tested for MIC by  b roth microdilution modified 
from the method of Baron and Finegold (1990).14 With a two-
fold serial dilution by SDB broth in the 96-well microplate, the 
extract concentrations were ranged from 100 to 0.781 mg per 
mL. The final volume of in each well was 100 microliters. The 
inocula of T. rubrum, M. gypseum, and E. floccosum was 
adjusted to the concentration of 1 x 105 CFU/mL. A volume of 
50 mL of inoculum suspensions was transferred to each well. 
The microplates were then incubated at room temperature and 
the MIC for dermatophytes was recorded at days 5, 7 and 10.  
For Malassezia fungi, procedures previously described 
were repeated. The microplates were then incubated at 37 
C for 48 to 72 hours and the MIC for each of these 
Malassezia species was recorded.14  
Positive control was done with miconazole with a 
concentration of 30 mcg per mL or higher against C. albicans 
ATCC90028. All tests were carried out in triplicate. The MIC 
for the test fungi was recorded as the lowest concentration of 
extracts that inhibited the growth of the fungi as compared to 
that of control.  
   
 
Results  
 
Antifungal activity based on disc diffusion method    
It was found that the extracts of dry apical buds and dry 
flowers of red-stemmed Ipomoea aquatica Forsk. had the 
highest antifungal activity by disc diffusion test (Table 1). The 
fresh flower extract could inhibit only one strain of 
dermatophytes (E. floccosum). In addition, inhibition zone in 
M. furfur samples was not found with any plant extracts.    
 
 T a b l e  1   Antifungal activity of extracts of red-stemmed 
Ipomoea aquatica Forsk. by disc diffusion method presented as 
inhibition zone.  
Extract (100 mg/ml) 
Diameter of inhibition zone (mm) by fungi 
T. rubrum E. floccosum M. gypseum M. furfur M. globosa 
Fresh apical bud N 6.0 ± 0.0 N N 10.0 ± 0.0 
Dry apical bud 9.3 ± 0.3 6.0 ± 0.0 8.7 ± 0.1 N 9.3 ± 0.3 
Fresh flower N 6.0 ± 0.0 N N N 
Dry flower 10.7 ± 0.1 6.0 ± 0.0 8.0 ± 0.8 N 10.0 ± 0.0 
Miconazole (10 µg/mL) 20.2 ± 2.3 33.2 ± 1.5 23.5 ± 2.6 16.8±1.3 14.3 ± 1.8 
95% ethanol  N N N N N 
  Note: N = no inhibition zone.  
 
 
 Minimal inhibitory concentration (MIC)  
All species of test fungi, except M. furfur, were tested for 
MIC by micro-dilution method. It was found that dry apical bud 
e xtracts had the highest activity against all 4 fungi (Table 2). 
The highest inhibitory activity of dry apical bud extract’s was 
found in T. rubrum and E. floccosum (MIC = 25 mg/ml for both 
strains).  
 
ไทยเภสชัศาสตรแ์ละวทิยาการสขุภาพ ปี 13 ฉบับ 2, เมย. – มยิ. 2561  78 Thai Pharm Health Sci J Vol. 13 No. 2, Apr. – Jun. 2018 
 Table 2   Minimal inhibitory concentration (MIC) of extracts 
of red-stemmed Ipomoea aquatica Forsk. against fungi by broth 
micro-dilution method.  
Extract 
MIC (mg/mL) by fungi 
T. rubrum E. floccosum M. gypseum M. globosa 
Fresh apical bud - 25 - > 50 
Dry apical bud 25 25 50 > 50 
Fresh flower - 50 - - 
Dry flower 50 25 50 > 50 
Note: (–) denotes no MIC test because no inhibition zones were observed in disc diffusion assay.  
 
Discussions and Conclusion  
 
The minimal inhibitory concentrations of the extracts of 
red-stemmed Ipomoea aquatica Forsk. against four fungi were 
close to each other, i.e., 25 – 50 mg/mL, except for M. globosa 
(MIC > 50 mg/ml). Our finding was consistent with the study 
of Ghani (1989) revealing that Ipomoea aquatica Forsk. had 
inhibitory action against fungi.10 The inhibitory effect of 
Ipomoea aquatica Forsk. on fungi is offered by 3,5-di-O-
caffeoyl-quinic acid (or isochlorogenic acid), a phenolic 
compound.3 isochlorogenic acid was also reported for 
inhibitory activity against certain fungi species.15  
The presence of antifungal activity of the red-stemmed 
extract of Ipomoea aquatica Forsk. in our study could be 
attributable to a relatively low temperature used in the 
experimental process. As it has been known that stability of 
phenolic compounds is temperature-dependent16, it has been 
reported that phenolic compounds are decomposed at 
temperature of 60 C or higher.17- 1 9 Since incubation 
temperature of 40 - 50 C was used in this study, the 
decomposition of the active compound(s) in the extracts of 
Ipomoea aquatica Forsk. could be limited, and antifungal 
effects could be observed.  
We found that the extract of the red-stemmed Ipomoea 
aquatica Forsk. exhibited the inhibitory effect only on some 
species of fungi causing ringworm and tinea versicolor. This 
could be due to the fact that the effect phenolic compounds 
of on the test fungi could be diminished by the remaining 
enzymatic activity in the plant. In this study, we did not halt 
enzymatic activity using the boiling alcohol. With less phenolic 
compounds, it therefore was possible that inhibitory effects on 
the test fungi that needed higher MIC could not be observed.20   
Antifungal activity of the extract of the red-stemmed 
Ipomoea aquatica Forsk. was lower than that of miconazole, 
a standard drug to treat these fungal infections. Our finding 
was however inconclusive since only one solvent was used. 
Different types and amounts of active compounds could have 
been extracted with different solvents; hence the possibility of 
different levels of antifungal effects.  
Since most previous works tested the antibacterial effects 
of the Ipomoea aquatica Forsk.14,21- 23, our research was 
different in three aspects. First, our study was the first to 
explore antifungal effect of the plant. Second, specific strain 
of the plant, i.e., the red-stemmed one, was tested. Third, in 
addition to the test of the plant’s leaves, flower was also tested 
in our study. This study provided additional information 
regarding the antifungal activity of red-stemmed Ipomoea 
aquatica Forsk. which could be useful for further research on 
this plant as the traditional herb remedy.  
In conclusion, in investigating the antidermatiophytic 
activity of red-stemmed Ipomoea aquatica Forsk. on T. 
rubrum,  E. floccosum, M. gypseum, M. furfur and M. globosa, 
using disc dilution and broth micro-dilution methods, the 
extracts of dry apical bud and dry flower of the plant exhibited 
the highest inhibitory effects. Most species, except M. furfur, 
were susceptible to the plant extracts. The antifungal activity 
of the red-stemmed Ipomoea aquatica Forsk. in our study was 
found to be relatively low and was incomparable to those well-
known modern medicines and some Thai traditional medicines 
including garlic clove (Allium sativum), galanga rhizome 
(Languas galanga), and white crane f lower (Rhinacanthus 
nasutus (L.) Kurz). The use of other solvents could possibly 
allow for more potent extracts against fungi causing ringworm 
and tinea versicolor.  
 
Acknowledgement    
We would like to express our great gratitude to Assoc. 
Prof. Pannipa Siripermpool (Microbiology Department, Faculty 
of Sciences, Burapha University), Songpol Chamdit (Division 
of Biology, Faculty of Science and Technology, Rajamangala 
University of Technology – Thanyaburi) and Dr. Issara 
Siramaneerat (Sociology Department, Faculty of Arts, 
Rajamangala University of Technology – Thanyaburi) for their 
advice and revision on the manuscript. We would like also to 
thank Kanchanabhishek Institute of Medical and Public Health 
Technology – Nonthaburi for research funding.   
 
References 
1. Pumirat P, Tanyong W, Lablertlob N. Medical Mycology.  J Med Health 
Sci 2013;20(2):31-44. (in Thai)  
ไทยเภสชัศาสตรแ์ละวทิยาการสขุภาพ ปี 13 ฉบับ 2, เมย. – มยิ. 2561  79 Thai Pharm Health Sci J Vol. 13 No. 2, Apr. – Jun. 2018 
2. White TC, Findley K, Dawson TL Jr, et al. Fungi on the skin: 
Dermatophytes and Malassezia. Cold Spring Harb Perspect Med 
2014;1:4(8):a019802. (doi: 10.1101/cshperspect.a019802)  
3. Meira M, Pereira da Silva E, David JM, David JP. Review of the genus 
Ipomoea: traditional uses, chemistry and biological activities. Revista 
Brasileira de Farmacognosia Brazilian J Pharmacog 2012;22(3):682-713.  
4. Van TK, Madeira PT.  Random amplified polymorphic DNA analysis of 
water spinach (Ipomoea aquatica) in Florida.  J Aqua Plant Manage 
1998;36:107-111. 
5. Cornelius J, Nugteren JA, Westphal T. Kangkong (Ipomoea aquatica 
Forsk.): an important leaf vegetable in Southeast Asia. AGRIS Abstracts 
on Tropical Agriculture 1985;10:9-21. 
6. Westphal E. Ipomoea aquatica Forsk. In: Plant resources of South-East 
Asia (Vol 8, Vegetables). Wagenington. Pudoc Scientif i c  Publishers, 
1993. 
7. Kateprasart N. Ipomoea aquatic. Bioresources Conservation and 
Development Unit, Central Laboratory and Greenhouse Complex. 
Kasetsart University - Kampaengsaen Campus, Nakhonpathom 
Province. 2012. (Accessed on Nov. 12, 2017, at http://clgc.agri. 
kps.ku.ac.th/index.php/linkherb/111-ipomoea). (in Thai)  
8. Boonyaprapat N, Chokchaicharoenporn O. Herbs: domestic plants. 
Bangkok. Prachachon Publishing, 1999. (in Thai)  
9. Folk Doctor Foundation. Health article. Moh-chao-ban (July) 2541;231. 
(Accessed on Nov. 12, 2017, at https://www.doctor.or.th/article/detail/ 
2373).  (in Thai)    
10. Ghani A. Medicinal plants of Bangladesh. Dhaka. Asiatic Society of 
Bangladesh, 1989.   
11. Puechkaset. Vegetables/herbs: Ipomoea aquatic. (Accessed on Nov. 12, 
2017, at http://puechkaset.com) (in Thai)  
12. Khatun CS, Islam A, Azad AK, et al. Antibacterial, antidiabetic and lipid 
lowering effects of ethanolic extract of Ipomoea aquatic. Bangladesh J 
Microbiol 2012;29:50-54.  
13. Huang X, Xie W, Gong Z. Characteristics and antifungal activity of chitin 
binding protein from Ginkko biloba. FEBS Letters 2000;478:123-126.  
14. Baron EJ, Finegold SM. Diagnosis microbiology (8th ed). St. Louis 
Missouri. The C.V. Mosby Company, 1990. 
15. 15] Stange Jr RR, Midland SL, Holmes GJ, Sims JJ, Mayer RT. 
Constituents from the periderm and outer cortex of Ipomoea batatas with 
antifungal activity against Rhizopus stolonifer. Postharvest Biol Technol 
2001;23:85-92.  
16. Simla S, Bontaeng S, Benjasorn S. Total phenolic content and 
antioxidant activities in seed, germinated seed and dried germinated 
seed. Khon Kaen Agr J 2017;45(suppl 1):1259-1264. (in Thai) 
17. Lapnitiporn S, Laohakunjit N, Kerdchoechuen O. Physico-chemical 
composition and antioxidant activity of cashew apple juice. Agr Sci J 
2012;43(suppl 2):409-412. (in Thai)  
18. Lorsuwan P, Rachtanapun C, Chantanawarangoon S. Total phenolics, 
radical scavenging capacity and antimicrobial property of fruit peels. 
Proceedings of 46th Kasetsart University Annual Conference: Agro-
Industry. 46th Academic Conference of Kasetsart University. Bangkok. 
Kasetsart University, 2008: pp.554-561. (in Thai)  
19. Piritrakulsak P, Simla S. Effects of conventional cooking method on 
antioxidant content of Moon flower. Khon Kaen Agr J 2015;43(suppl 
1):875-880. (in Thai)  
20. Intranupakorn R. Identification and separation of substances from herbs. 
Bangkok. Chulalongkorn University Press, 2004. (in Thai)  
21. Saptiani G, Hardi EH, Pebrianto CA, Agustina, Ardhani F. Antimicrobial 
potential of Carica papaya, Ipomoea aquatica, Alpinia galanga and Piper 
betle against the aquatic microbials. Nusantara Biosci 2016;8(2):252-
257.  
22. Sivaraman D, Muralidaran P, Kumar S. Evaluation of anti-microbial and 
anti-inflammatory activity of methanol leaf extract of Ipomoea aquatica 
Forsk. Res J Pharm Biol Chem Sci 2010;1(2):258-264. 
23. Chandra JH, Shamli M. Antibacterial, antioxidant and in silico study of 
Ipomoea aquatica Forsk. J Pure Appl Microbiol 2015;9(2):1371-1376.  
 
   
  
 
 
  
 
 
Editorial note 
Manuscript received in original form on December 24, 2017;  
accepted in final form on March 25, 2018 
